1. Introduction
===============

Activation of glycolytic metabolism^\[[@R1]\]^ is a significant chemical characteristic of malignant tumor cells, and lactate dehydrogenase (LDH) is an important coenzyme in glycolysis. Glycolysis occurs in malignant tumor cells even in microenvironments with adequate oxygen, which is a characteristic feature of tumor cells referred to as the Warburg effect.^\[[@R2]\]^ Serum LDH levels were previously shown to be elevated in patients with uterine sarcoma.^\[[@R3]\]^ LDH exists as either D- or LDH-L; numerous studies have investigated LDH-L, including its subunits LDH-A, LDH-B, and LDH-C, and its structure and function have been reported previously.^\[[@R4]\]^ Many studies of tumor metabolism are currently focused on cell proliferation and apoptosis in the Warburg effect, and LDH-A may play an important role in this process.^\[[@R5]\]^ Another study demonstrated that LDH-A was expressed in osteosarcoma patients.^\[[@R6]\]^The study found that LDH-A was commonly upregulated in four osteosarcoma cell lines compared with the normal osteoblast cells. Treatment with FX11, a specific inhibitor of LDH-A, significantly reduced LDH-A activity and inhibited cell proliferation and invasive potential in a dose-dependent manner. Taken together, upregulated LDH-A facilitates tumor progression of osteosarcoma. Glycolytic metabolism is also activated in uterine sarcoma, but there is currently no relevant research regarding the expression of LDH-A in patients with uterine sarcoma.

In contrast, although LDH-D has been studied in the mitochondria of yeast^\[[@R7]\]^ and plants,^\[[@R8],[@R9]\]^ it has rarely been investigated in humans. Flick and Konieczny^\[[@R10]\]^ identified and characterized putative human and murine LDH-D, which were shown to interact with the muscle-specific cysteine-rich protein CRP3/MLP. Expression analysis of mammalian proteins indicated that LDH-D was widespread in striated muscle tissues and a variety of other tissue types. Uterine sarcoma is rich in smooth muscle tissue, but the expression of LDH-D in human uterine leiomyoma and uterine sarcoma has not yet been investigated.

Uterine sarcoma accounts for 2.6% to 9.7% of uterine malignancies and 1% of malignant female genital system tumors, with a low morbidity but a poor prognosis.^\[[@R11]\]^ The prognostic factors in uterine sarcoma are not well established. Although some studies have shown that p53 and Ki-67 overexpression may affect the prognosis of uterine sarcoma,^\[[@R12]\]^ there is currently no consensus on their significance. The prognostic influence of LDH subunits in uterine sarcoma remains unknown.

The aim of this study was to evaluate the detection of LDH-D and the LDH-A subunit using immunohistochemistry (IHC) in human uterine myoma and uterine sarcoma, with implications for their diagnostic and treatment strategies. In addition, we also explored the association between the expression of LDH-A and LDH-D and overall survival (OS) in uterine sarcoma cases with known clinical follow-up.

2. Materials and methods
========================

2.1. Patient selection
----------------------

This retrospective study included patients diagnosed with primary uterine neoplasms who underwent surgical treatment from January 2008 to December 2015 at our university hospital. This study was approved by the hospital ethics committee. A total of 86 cases were assigned to 3 groups according to their pathological classification: uterine myoma (UM) (26 cases; age 23--80 years, mean 40.5 ± 7.6), cellular leiomyoma (CLM) (10 cases; age 36--53 years, mean 43.6 ± 5.8), and uterine sarcoma (50 cases; age 29--67 years, mean 52.8 ± 6.3). All cases were reviewed by 2 pathologists to ensure diagnostic accuracy. They were blinded to what the samples were when they scored these tissues. We included cases using the following criteria: diagnosed with uterine sarcoma according to the 2003 WHO diagnostic criteria; no preoperative antitumor treatment; and complete clinicopathologic and follow-up data available. We excluded cases diagnosed on autopsy or death certificate only.

The 2009 National Comprehensive Cancer Network guidelines classifications consider carcinosarcoma as a dedifferentiated or metaplastic endometrial carcinoma rather than a subtype of uterine sarcoma,^\[[@R13]\]^ but most retrospective studies include it within uterine sarcoma because of its more aggressive behavior compared with endometrial carcinoma.^\[[@R14]\]^ Clinical information and follow-up were collected by review of the medical records and pathology reports. The clinicopathologic characteristics of the patients included age at diagnosis, International Federation of Obstetrics and Gynecology (FIGO) stage, histopathologic subtype, surgical procedure, postoperative adjuvant therapy, pelvic lymphadenectomy, tumor size, distant metastasis, and recurrence. The follow-up data were last updated in August 2016. Patient death was the follow-up end point and the median follow-up period was 48 months (range 5--96 months).

2.2. IHC
--------

IHC was performed by the envision plus method according to the manufacturer\'s instructions to evaluate the expression of LDH-A and LDH-D proteins in tissue sections from the 86 cases. First, paraffin-embedded sections (4-μm thick) were deparaffinized and rehydrated with double-distilled water. The antigens were retrieved using the heat-mediated method in citrate buffer (pH 6.0) for 20 minutes, and the sections were incubated with antibodies to LDH-A (GenBank accession number BC067223, Proteintech, Chicago, IL) (dilution:1:300) and LDH-D (GenBank accession number BC047902, Proteintech) (dilution:1:200) overnight at 4°C. Specific signals were incubated by incubation with peroxidase-coupled secondary antibody (PV-6001) for 60 minutes and visualized with 3,3'diaminobenzidine tetrachloride (Glostrup, Denmark). Counterstaining was performed with hematoxylin for 5 minutes, and the slides were coverslipped. Positive staining was located in the cytoplasm.

The immunoreactivity score was based on the positivity rate (percentage of positive tumor cells) and staining intensity (weak, moderate, strong). The positivity rate was represented by the average number of positive cells in 10 random views in each section at 400× magnification (100 cells counted in each view). Positivity rates were scored as 1 (0%--25% cells positive), 2 (25%--50% cells positive), 3 (51%--75% cells positive), and 4 (\>75% cells positive). Staining intensity was scored as 0 (negative), 1 (canary yellow), 2 (clay yellow), and 3 (sepia yellow). The final result for each field was represented by the product of the positivity rate and staining intensity scores: 0 for negative (−), 1 to 4 for weakly positive (+), 5 to 8 for moderately positive (+ +), and 9 to 12 for strong positive (+ + +). The entire scoring process was performed independently by 2 pathologists.

2.3. Statistical analysis
-------------------------

Statistical analyses were performed using IBM SPSS Statistics 20.0. Quantitative data were represented as the mean ± standard deviation. Comparisons between 2 groups were performed using *t* tests (for quantitative data) or *χ*^2^ tests (for qualitative data). Comparisons between multiple groups were performed by analysis of variance (for quantitative data) or rank sum tests (for qualitative data). OS was calculated from the date of surgery to last follow-up. Life tables were used to calculate survival rate and median survival time. Kaplan--Meier methods were used to compute survival analyses and curves were compared by log-rank tests. *P* \< .05 was considered statistically significant.

3. Results
==========

3.1. Demographic characteristics of uterine sarcoma
---------------------------------------------------

At the time of diagnosis, 44.0% of patients were younger than 50 years and 56.0% were aged 50 years or older. The tumor diameter was \>5 cm in 72.0% patients. Among the 50 patients with uterine sarcoma, 26 (52.0%) had uterine leiomyosarcoma (LMS), 14 (28.0%) had malignant endometrial stromal sarcoma (ESS), and 10 (20.0%) had malignant Mullerian tumors (MMMT). Twenty-eight cases (56.0%) were stage I, 6 (12.0%) were stage II, 8 (16.0%) were stage III, and 8 (16.0%) were stage IV. Thirty-four (68.0%) patients underwent surgery and chemotherapy as initial treatment, 2 (4.0%) patients received surgery and radiotherapy, and 14 (28.0%) patients had no adjuvant therapy. Twenty-eight patients (56.0%) underwent pelvic lymphadenectomy (Table [1](#T1){ref-type="table"}).

###### 

Clinicopathologic parameters.
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3.2. Expression of LDH-A and LDH-D in tissues
---------------------------------------------

The expressions (the positivity rate and staining intensity scores) of LDH-A and LDH-D are indicated in Table [2](#T2){ref-type="table"} and Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} . The positivity rates of LDH-A and LDH-D were significantly different in these 5 groups of patients with UM, CLM, and uterine sarcoma (*χ*^2^ = 28.068, *P* \< .001; *χ*^2^ = 10.900, *P* \< .05). The positivity rates and expression levels of LDH-A and LDH-D were higher in patients with uterine sarcoma compared with the patients with UM (*χ*^2^ = 18.942, *P* \< .001; *χ*^2^ = 9.413, *P* \< .002) (Table [3](#T3){ref-type="table"}, Fig. [1](#F1){ref-type="fig"}). LDH-A expression levels were higher in MMMT patients compared with patients with other types of uterine sarcoma.
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Immunohistochemical analysis of LDH-A and LDH-D in uterine sarcoma specimens.
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![Expression (the positivity rate and staining intensity scores) of LDH-A and D-LDH. The positivity rates and expression levels of LDH-A and LDH-D were higher in patients with uterine sarcoma compared with the patients with UM (*χ*^2^ = 18.942, *P* \< .001; *χ*^2^ = 9.413, *P* \< .002). ^∗^, ^∗∗^ means *P* \< .05. CLM = cellular leiomyoma, ESS = endometrial stromal sarcoma, LDH = lactate dehydrogenase, LMS = uterine leiomyosarcoma, MMMT = malignant Mullerian tumors, UM = uterine myoma.](medi-97-e0268-g003){#F1}

![(A) Immunohistochemical staining for LDH-A and D-LDH expression in UM, CLM, LMS, ESS, and MMMT. LDH-A and D-LDH were located in the cytoplasm. LDH-A and D-LDH expression were negative in patients with UM but positive in patients with CLM, LMS, ESS, and MMMT. (B) Corresponding HE stained slices of UM, CLM, LMS, ESS, and MMMT. CLM = cellular leiomyoma, ESS = endometrial stromal sarcoma, LDH = lactate dehydrogenase, LMS = uterine leiomyosarcoma, MMMT = malignant Mullerian tumors, UM = uterine myoma.](medi-97-e0268-g004){#F2}

![(A) Immunohistochemical staining for LDH-A and D-LDH expression in UM, CLM, LMS, ESS, and MMMT. LDH-A and D-LDH were located in the cytoplasm. LDH-A and D-LDH expression were negative in patients with UM but positive in patients with CLM, LMS, ESS, and MMMT. (B) Corresponding HE stained slices of UM, CLM, LMS, ESS, and MMMT. CLM = cellular leiomyoma, ESS = endometrial stromal sarcoma, LDH = lactate dehydrogenase, LMS = uterine leiomyosarcoma, MMMT = malignant Mullerian tumors, UM = uterine myoma.](medi-97-e0268-g005){#F3}
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Immunohistochemical analysis of LDH-A and LDH-D in uterine sarcoma and uterine myoma specimens.
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3.3. Univariate analysis of factors affecting IS in uterine sarcoma
-------------------------------------------------------------------

The 5-year OS rates of patients with LMS, ESS, and MMMT were 59%, 71%, and 29%, respectively (*χ*^2^ = 7.979, *P* = .02). ESS patients had a better prognosis than those with other histologic subtypes. Univariate analysis showed that patients younger than 50 years and with stage I-II had better clinical prognoses (Table [4](#T4){ref-type="table"}). Tumor size and lymph node resection showed no obvious relationship to survival in patients with uterine sarcoma.

###### 

Univariate analysis of factors affecting overall survival in patients with uterine sarcoma (n = 50).
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3.4. Prognostic significance of LDH-A and LDH-D expression
----------------------------------------------------------

LDH-A-positive LMS patients had a poorer prognosis than LDH-A-negative ones (*P* = .03), with a median survival time of 35 months for LDH-A-positive patients. All carcinosarcoma patients showed LDH-A expression, and it was therefore not possible to perform a correlation analysis in these patients. There was no significant correlation between the expression of LDH-A and prognosis in the other groups. LDH-D expression was not correlated with prognosis in any of the groups (Fig. [3](#F3){ref-type="fig"}).

![Prognostic significance of LDH-A and LDH-D expression. (A) Kaplan--Meier survival curve showing the trend of association between LDH-A protein expression and OS in patients with LMS. Patients with LMS and high LDH-A expression had significantly poorer outcomes (*P* = .03). (B) LDH-A expression showed no significant association with OS in ESS patients (*P* = .48). (C--E) D-LDH expression showed no significant association with OS in patients with LMS, ESS, or MMMT (*P* = 0.57, 0.08, and 0.85, respectively). ESS = endometrial stromal sarcoma, LDH = lactate dehydrogenase, LMS = uterine leiomyosarcoma, MMMT = malignant Mullerian tumors, OS = overall survival.](medi-97-e0268-g008){#F4}

4. Discussion
=============

Research into tumor metabolism has increased in recent years, as carcinoma was revealed to involve metabolic as well as genetic abnormalities. LDH is an important enzyme in glycolysis and in the Warburg effect,^\[[@R15]\]^ and studies have shown that it plays an important role in tumor occurrence, development, invasion, metastasis, and in clinical tumor prognosis.^\[[@R16],[@R17]\]^ Expression of the four LDHs in human tissues differ. LDH-A is mainly expressed in hypoxic tissues, such as skeletal muscle, liver, and tumor tissues,^\[[@R6]\]^ whereas LDH-B is mainly expressed in aerobic tissues, and LDH-C4 expression is restricted to the testicles.^\[[@R18]\]^ However, although numerous studies have investigated L-LDH particularly LDH-A, D-LDH has rarely been studied.

LDH-A has been shown to be overexpressed in many tumors,^\[[@R5],[@R6]\]^ but its expression in human uterine sarcoma tissues remains unknown. The current IHC results confirmed that LDH-A was more highly expressed in LMS patients compared with UM and CLM patients. LDH-A plays an important role in tumor metabolism. Sheng et al.^\[[@R5]\]^ showed that inhibiting LDH-A expression promoted apoptosis and reduced cell proliferation in vitro, suppressed infection and metastasis, and restored chemosensitivity in vivo.^\[[@R19]\]^ Some drug-like inhibitors selective for human LDH-5, such as FX11 and NHI-1, have recently demonstrated promising anticancer activity both in vitro and in vivo, with potential clinical application prospects.^\[[@R15]\]^ Goran et al^\[[@R20]\]^ found that overexpression of LDH-A was an independent poor prognostic marker for survival of patients with pancreatic cancer. Overexpression of LDH-A in cholangiocarcinoma was also correlated with poor prognosis.^\[[@R21]\]^ The present study provides the basis for the future use of LDH-A inhibitors in leiomyosarcoma of the uterus.

[d]{.smallcaps}-lactic acid is an important chiral intermediate in the synthesis of chiral materials. Previous research has focused on the food and chemical industries,^\[[@R22]\]^ although malignant tumor cells have also been shown to release [d]{.smallcaps}-lactic acid^\[[@R23]\]^; however, few studies have investigated its role in human tumors. Bernard et al^\[[@R24]\]^ reported the complete sequence of the LDH-D gene cloned from the *Lactobacillus bulgaricus* genome, whereas Taguchi et al^\[[@R25],[@R26]\]^ cloned the *LDH-D* gene and carried out studies using gene knockout technology. de Bari et al^\[[@R19]\]^ examined the expression of LDH-D in prostate cancer cells and confirmed that it was expressed in human tumors. Uterine sarcoma is rich in smooth muscle tissue, and LDH-D can interact with muscle-specific protein CRP3/MLP.^\[[@R10]\]^ We previously confirmed that total LDH expression was increased in human uterine sarcoma patients compared with UM patients, and the current results confirmed that LDH-D was also expressed in human uterine sarcoma patients, with significantly higher positivity in LMS compared with UM and CLM patients. There have been no studies of LDH-D metabolism in uterine sarcoma, and further studies are needed to explore its role in cell proliferation and apoptosis in these tumors. The diverse pathology of uterine sarcoma and atypical smooth muscle tumors makes their diagnosis difficult and presents a challenge to pathologists. The results of this study suggest that positive expression of LDH-A and LDH-D may aid in the diagnosis of uterine sarcoma in the future.

Although uterine sarcoma is rare, the degree of malignancy is high and the 5-year survival rate is low,^\[[@R27],[@R28]\]^ and it is associated with aggressive invasion and metastasis characteristics.^\[[@R29]\]^ Furthermore, uterine sarcoma is insensitive to radiation and chemotherapy treatment, with easy relapse.^\[[@R30]\]^ Although numerous studies have investigated the relationship between the clinical pathological features and prognosis of uterine sarcoma, the prognostic factors remain unclear, with no consensus on their significance. Patient age, clinical stage, tumor size, degree of nuclear atypia, and vascular invasion have all been identified as potential prognostic factors.^\[[@R31]\]^ Clinical stage appeared to be the main factor affecting the prognosis of patients with uterine sarcoma, with a 5-year OS rate for patients with stage I of 50% to 70% compared with 0% to 20% for other stages.^\[[@R32]\]^ The largest study to date analyzed the clinical and pathological characteristics of 13,089 cases of uterine sarcoma and showed that it was more common in older patients and among black women, with poor survival being associated with old age, black race, and advanced disease stage.^\[[@R14]\]^ In our study, the 5-year OS rates for LMS, ESS, and MMMT were 59%, 71%, and 29% respectively, with ESS patients showing a better prognosis than those with other histologic subtypes. A possible reason for this may be the fact that ESS tends to present with less aggressive and metastatic features. The survival rate of patients with LMS in our study was higher than in other previous studies, which may be related to disease stage (56% stage I patients). We analyzed the relationship between the clinicopathologic parameters and survival rate using univariate analysis, which revealed that patients with uterine sarcoma younger than 50 years or diagnosed at stage I-II had better clinical prognoses, whereas histology and treatment plan had no effect on the prognosis. Tumor size showed no obvious relation with survival, possibly because of the differences in proportions of the different histological types of uterine sarcoma. The decision of whether or not to perform lymph node dissection remains controversial, given that uterine sarcoma generally metastasizes to the lungs and other organs via the blood vessels, but rarely through the lymphatic circulation. Our results found no significant correlation between lymph node resection and survival rate. However, further studies with larger sample sizes are needed to determine the benefits of lymph node dissection in uterine sarcoma patients.

In addition to clinicopathological features, tumor-related genes have also been shown to be related to prognosis. Koivistoet al^\[[@R33]\]^ showed that p53, estrogen receptor α, and progesterone receptor (PR) A were significantly associated with survival of LMS patients, whereas Liang et al^\[[@R34]\]^ demonstrated that high expression of p16 and pHH3 and low expression of PR were significant factors in the diagnosis of uterine sarcoma. Recently, Davidson et al^\[[@R35]\]^ detected estrogen receptor and PR expression in 294 patients diagnosed with uterine sarcoma in Norway and showed that PR expression was an independent beneficial prognosticator in FIGO stage I LMS. However, although numerous studies have investigated the prognostic factors in uterine sarcoma, there is currently no consensus. LDH plays an important role in the Warburg effect in tumors, and the expression of the various LDH subunits differs in uterine sarcoma tissues. In our study, both LDH-A and LDH-D were overexpressed in uterine sarcoma compared with other uterine tumors, and survival analysis showed that LDH-A-positive LMS was associated with a poorer prognosis than LDH-A negative LMS, although there was no significant correlation between LDH-A expression and prognosis in the other groups and LDH-D expression was not correlated with prognosis. These results suggest that LDH-A is not only highly expressed in uterine sarcomas, but may also be used to predict the prognosis of patients with LMS. These results also suggest that the overexpression of LDH-A and LDH-D in uterine sarcoma is related to the biological characteristics of aggressive invasion and metastatic potential.

In summary, both LDH-A and LDH-D are expressed in uterine sarcomas and may thus be used to aid in the pathological diagnosis of this tumor type. These results also provide the basis for future research into the role of LDH-A in cell proliferation and apoptosis in relation to the Warburg effect in uterine sarcoma. LDH-A expression is associated with survival and prognosis in patients with uterine LMS. The limitation of our study is that the mechanism of LDH-A and LDH-D in LMS was not studied in detail. Further studies in a larger sample are needed to clarify the relationship between LDH-D and survival prognosis and to explore its role in the pathogenesis and treatment of uterine sarcoma. We aim to investigate the role of the different LDH subtypes in tumor metabolism in uterine sarcoma in the future.
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